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ABSTRACT: 

PURPOSE:To compensate the phase shift of recorded data caused by a distance between a 
reproducing head and a recording head, to compensate the positional shift of a magnetization 
inversion caused by a pattern and to record data on a right position. 

CONSTITUTION:A reproducing signal is reproduced by a reproducing head 11a. A clock is 
generated by a dock generation circuit 13 based on the reproducing signal equivalent a clock 
pattern. Data, etc., are reproduced from the reproducing signal by a data demodulation circuit 14 
using the clock. A switching signal for switching a recording mode and a reproducing mode is 
outputted by a timing generation circuit 1 5. Source data is transformed into recorded data, by a 
recorded data generation circuit 16. The recorded data and a recording signal are delayed by a 
pulse delaying circuit 30. The delaying quantity of the pulse delaying circuit 39 is controlled by a 
delaying time control circuit 20 based on head position information. 
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CLAIMS 



[Claim(s)] . 

[Claim 1] The magnetic disk unit which clock Batang for clock generation characterized by providing 
the following records data on the magnetic disk recorded beforehand, and reproduces the data currently 
recorded. The reproducing head for reproducing data from the above-mentioned magnetic disk, A clock 
generation means to generate a clock based on the regenerative signal equivalent to the above-mentioned 
clock pattern reproduced by this reproducing head, A delay means by which record data are delayed to 
the clock generated with this clock generation means. A position detection means to detect the head 
positional information in the direction of the diameter of a disk of the above-mentioned recording head 
based on the regenerative signal from the recording head and the above-mentioned reproducing head for 
recording the record data delayed by this delay means on the above-mentioned magnetic disk, and 
control means which control the amount of delay of the above-mentioned delay means based on the head 
positional information from this position detection means. 

[Claim 2] The magnetic disk unit according to claim 1 characterized by controlling the amount of delay 
of the aforementioned delay means to compensate a position gap of the flux reversal which originates in 
the pattem of record data based on the pattern of record data while the aforementioned control means 
compensate the phase shift of the data recorded on the aforementioned magnetic disk resulting from the 
distance in the run direction of the aforementioned reproducing head and a recording head. 
[Claim 3] The magnetic disk characterized by recording beforehand the timing compensation pattem of 
predetermined width of face in the direction of the diameter of a disk. 

[Claim 4] The magnetic disk unit which clock Batang for clock generation characterized by providing 
the following records data on the magnetic disk according to claim 3 recorded beforehand, and 
reproduces the data currently recorded. The reproducing head for reproducing data from the above- 
mentioned magnetic disk. A clock generation means to generate a clock based on the regenerative signal 
equivalent to the above-mentioned clock pattem reproduced by this reproducing head. A delay means by 
which record data are delayed to the clock generated with this clock generation means. Control means 
which control the amount of delay of the above-mentioned delay means based on the regenerative signal 
equivalent to the above-mentioned timing compensation pattem reproduced by the recording head and 
the above-mentioned reproducing head for recording the record data delayed by this delay means on the 
above-mentioned magnetic disk. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About a magnetic disk unit and a magnetic disk, the so-called external 
synchronization method is used especially for this invention, and it relates to the magnetic disk unit 
which equipped each with a recording head and the reproducing head. 
[0002] 

[Description of the Prior Art] As a means to obtain the clock needed in the case of record of data, or 
reproduction in a magnetic disk unit In case data are recorded, write in the so-called servo information 
simultaneously, and this servo information is reproduced. The so-called self-synchronization method 
which reproduces the data which generate a clock or are recorded based on the reproduced servo 
information, extracts a clock component from the reproduced data, and generates a clock, The clock 
pattern is dispersedly formed in the magnetic disk beforehand, and the so-called extemal 
synchronization method (sample servo system) which reproduces this clock pattem and generates a 
clock based on the regenerative signal of the reproduced clock pattem is learned. 
[0003] Specifically the magnetic disk imit of an extemal synchronization method The magnetic head 
111 made to serve a double purpose in record and reproduction as shown in drawing 9 , The change- 
over switch 112 which switches the above-mentioned magnetic head 1 1 1 by the recording mode and the 
playback mode, The reproduction amplifier 113 which amplifies the regenerative signal supplied from 
the above-mentioned magnetic head 1 1 1 through this change-over switch 1 12, The clock generation 
circuit 114 which generates a clock based on the regenerative signal equivalent to the clock pattem of 
the magnetic disk 101 amplified with this reproduction amplifier 113, The data demodulator circuit 115 
which reproduces data from the regenerative signal from the above-mentioned reproduction amplifier 
113 using the clock from this clock generation circuit 1 14, While carrying out counting of the clock 
from the above-mentioned clock generation circuit 114 and controlling the clock generation circuit 114 
The timing generating circuit 116 which outputs the change signal which controls the above-mentioned 
change-over switch 112, The record data generating circuit 117 which changes the data (henceforth a 
source data) inputted into the data (henceforth record data) suitable for record. It has the record amplifier 
118 which supplies the current based on the record data from this record data generating circuit 117 to 
the above-mentioned magnetic head 111 through the above-mentioned change-over switch 112. 
[0004] As shown in the magnetic disk 101 used for this magnetic disk imit on the other hand at drawing 
10 , the clock pattem 103 which followed the radial for clock generation is beforehand formed by 
removing a magnetic layer in part using technique, such as etching, between the data segments 102 
which are the fields which record the data of the recording track prepared in the shape of a concentric 
circle. And on the other hand, direct-current magnetization is carried out at * (an arrow shows), and 
these clock patterns 103 are formed 100-1000 divisors per round, in order to generate a highly precise 
clock. 

[0005] And the magnetic head 111 reproduces the regenerative signal equivalent to the clock pattem 
103, and supplies these regenerative signals to the clock generation circuit 114 and the data demodulator 
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circuit 115 through a change-over switch 1 12 and the reproduction amplifier 113 while it reproduces the 
regenerative signal equivalent to the data currently recorded on the data segment 102. 
[0006] the clock generation circuit 1 14 - for example, the so-called PLL (Phase Locked Loop) etc. — 
from — it becomes and a clock is generated based on the regenerative signal equivalent to the clock 
pattem 103 

[0007] That is, if the clock pattem 103 which carried out direct-current magnetization is reproduced to 
** on the other hand as shown in drawing 1 1 a, as shown in drawing 1 1 d, the regenerative signal which 
has a solitary-wave form with the edge before and behind the clock pattem 103 will be reproduced. As 
counting of the clock supplied from the clock generation circuit 1 14 is carried out, the apparition of the 
regenerative signal which is equivalent to the clock pattem 103 based on the past history is predicted 
and it is shown in drawing 1 1 c, the timing generating circuit 1 16 generates the clock gate signal used as 
this period (henceforth L level), for example, low level, and supplies this clock gate signal to the clock 
generation circuit 1 14. As it considers that the solitary-wave form with which a clock gate signal 
appears within the period of L level is a regular clock pattem and is shown in drawing 1 1 e, the clock 
generation circuit 114 updates the phase of PLL so that the standup of a clock may synchronize with the 
peak of a solitary-wave form corresponding to a front edge, and generates the clock which carried out 
phase simulation to the clock pattem 103. 

[0008] And at the time of a playback mode, the data demodulator circuit 115 discriminates from a 
regenerative signal using the clock generated in the clock generation circuit 114, and reproduces data by 
getting over. 

[0009] On the other hand, in a recording mode, change operation of a change-over switch 112 is 
controlled by the change signal supplied fronii the timing generating circuit 116, and record of data is 
performed by it. 

[0010] That is, by carrying out counting of the clock, the timing generating circuit 116 generates the 
change signal which serves as L level in the period when the magnetic head 1 11 is scanning the data 
segment 102, and serves as high level (henceforth H level) in the period which is scanning the clock 
pattem 103, and controls change operation of a change-over switch 1 12 by this change signal to be 
shown in drawing 1 1 b. Consequently, it connects with the record amplifier 118 and the magnetic head 
1 1 1 is connected to the reproduction amplifier 1 13 at the time of H level, when a change signal is L 
level. 

[001 1] The record data generating circuit 117 changes a source data into the record data which 
synchronized with the clock generated in the clock generation circuit 1 14 by the predetermined 
modulation suitable for record, and the record amplifier 118 amplifies this record data, and it supplies 
the current based on record data to the magnetic head 111 through a change-over switch 112. 
[0012] Specifically, as shown in above-mentioned drawing 1 1 b, a change signal serves as H level in the 
period when the magnetic head 1 1 1 is scanning the clock pattem 103, the magnetic head 1 1 1 is 
connected to the reproduction amplifier 1 13, as mentioned above, reproduction of the clock pattem 103 
is performed by this, and a clock is generated. Next, if the magnetic head 111 becomes the period which 
scans a data segment 102, a change signal serves as L level, the magnetic head 111 will be connected to 
the record amplifier 1 18 by this, and record of data will be performed. And by repeating reproduction 
and data logging of this clock pattem 103 by turns, as shown in drawing 1 1 f, record of the data which 
synchronized with the clock generated in the clock generation circuit 1 14 is performed. Therefore, 
standup time of the clock generated in the playback mode in the clock generation circuit 114 (henceforth 
an existing [ data ] point phase) The regenerative signal will be referred to in the existence position in 
the mn direction of the magnetic head 1 1 1 of the data which will be alike if it sets and being 
discriminated from a regenerative signal, and are recorded more on the data segment 102, and errorless 
data reproduction is attained. 
[0013] 

[Problem(s) to be Solved by the Invention] by the way, the head (henceforth an MR head) of the so- 
called magnetoresistance-effect type has the outstanding property, for example, the outstanding 
sensitivity, S/N (Signal to Noise ratio), and a spatial resolving power, and in order to attain high-density 
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record, when this MR head is used, the above-mentioned magnetic head 111 consists of reproducing- 
head ilia which consists of an MR head, and recording head 111b which consists of the magnetic head 
which is usual, as shown in drawing 12 That is, the head (the so-called head of a rec/play separate-type) 
which became independent of record to reproduction will be used. In this case, the following problems 
arise, 

[0014] As mentioned above, in the magnetic disk unit of an external synchronization method, the phase 
of the point existing [ data ] is determined based on the regenerative signal equivalent to the clock 
pattern 103 reproduced by reproducing-head 111a, and the position of reproducing-head 1 1 la in this 
existing [ data ] point phase is made into the existing [ data ] point position on a data segment 102 at the 
time of a playback mode. Therefore, in case data are recorded, it is required for an existing [ data ] point 
phase and the existing [ data ] point position on the data segment 102 seen from reproducing-head 111a 
to record that it is always in agreement. However, when recording head 111b and reproducing-head 
1 1 la have dissociated, generally the existing [ data ] point position on the data segment 102 seen from 
an existing [ data ] point phase and recording head 1 1 lb is not in agreement with both physical physical 
relationship. Specifically, as shown in above-mentioned drawing 12 , more back than reproducing-head 
111a, only distance L separates and recording head 1 1 lb is attached. Therefore, in case it records, the 
position of reproducing-head 1 1 la in an existing [ data ] point phase must wait to move even to the 
position of recording head 1 1 lb with rotation of a disk, and must perform record operation. 
[0015] The time Tl which above-mentioned movement takes becomes settled with the relative velocity 
V of reproducing-head 111a, the distance L of recording head 111b and a head 111, and a magnetic disk 
101, and is given by Tl=L/v. In the magnetic disk unit which carries out the rotation drive of the 
magnetic disk 101 with a fixed angular velocity (the so-called CAVrConstant Angular Velocity), since 
the relative velocity v of a head 111 and a magnetic disk 101 changes according to the position in the 
direction of a path in which a head 111 exists, it becomes that for which the transit time Tl also 
depended on the position in the direction of the diameter of a disk of a head 11 L 
[0016] Moreover, by reversing the record current passed to recording head 1 1 lb, on a data segment 102, 
flux reversal is produced and this records data in a magnetic disk unit. However, when recording density 
is high, as shown in drawing 13 , the phenomenon (henceforth a nonlinear bit shift) in which the 
position of the flux reversal which remains on a data segment 102 shifts arises to the position which 
record current reversed. Depending for the direction and size of a gap in a nonlinear bit shift on the 
pattern of the data to record is known. In order to leave flux reversal to the regular position on a data 
segment 102, in case it records, you have to move beforehand the position which record current reverses 
in the direction contrary to the direction which a gap generates. 

[0017] thus, in the magnetic disk unit of the extemal synchronization method using the head 1 1 1 of a 
rec/play separate-type Time difference is produced between the existing [ data ] point phase generated 
based on the clock pattern 103, and the time which should actually reverse record current. Namely, the 
phase shift of the data recorded on the magnetic disk 101 resulting from the distance L in the run 
direction of reproducing-head 1 1 la and recording head 1 1 lb. Since the position gap of the flux reversal 
resulting from the pattem of record data arose and those gaps moreover changed with the position in the 
direction of the diameter of a disk of a head 111, and the patterns of data to record, with the 
conventional composition, data were imrecordable on the right position. 

[0018] this invention is made in view of such the actual condition, is the magnetic disk unit of the 
extemal synchronization method using the head of a rec/play separate-type, and aims at offering the 
magnetic disk unit and magnetic disk which can record data on the right position on a magnetic disk^ 
[0019] 

[Means for Solving the Problem] In the magnetic disk unit which clock Batang for clock generation 
records data on the magnetic disk recorded beforehand, and reproduces the data currently recorded in 
order that the magnetic disk unit concerning this invention may solve the above-mentioned technical 
problem A clock generation means to generate a clock based on the regenerative signal equivalent to the 
clock pattem reproduced by the reproducing head for reproducing data, and the reproducing head from a 
magnetic disk, A delay means by which record data are delayed to the clock generated with the clock 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



10/13/2003 



Page 4 of 9 



generation means, The recording head for recording the record data delayed by the delay means on a 
magnetic disk, It is characterized by having a position detection means to detect the head positional 
information in the direction of the diameter of a disk of a recording head based on the regenerative 
signal from the reproducing head, and the control means which control the amount of delay of a delay 
means based on the head positional information from a position detection means. 
[0020] Moreover, the magnetic disk unit conceming this invention is characterized by controlling the 
amount of delay of a delay means to compensate a position gap of the flux reversal resulting from the 
pattern of record data based on the pattem of record data while control means compensate the phase 
shift of the data recorded on the magnetic disk resulting from the distance in the run direction of the 
reproducing head and a recording head. 

[0021] Moreover, the magnetic disk conceming this invention is characterized by recording beforehand 
the timing compensation pattem of predetermined width of face in the direction of the diameter of a 
disk. 

[0022] The magnetic disk unit conceming this invention Moreover, clock Batang for clock generation, 
Data are recorded on the magnetic disk with which the timing compensation pattem of predetermined 
width of face was beforehand recorded in the direction of the diameter of a disk. Moreover, the 
reproducing head for being the magnetic disk unit which reproduces the data currently recorded, and 
reproducing data from a magnetic disk, A clock generation means to generate a clock based on the 
regenerative signal equivalent to the clock pattern reproduced by the reproducing head, A delay means 
by which record data are delayed to the clock generated with the clock generation means, It is 
characterized by having the control means which control the amount of delay of a delay means based on 
the regenerative signal equivalent to the timing compensation pattem reproduced by the recording head 
for recording the record data delayed by the delay means on a magnetic disk, and the reproducing head. 
[0023] 

[Function] Based on the head positional information in the direction of the diameter of a disk of a 
recording head, record data are delayed by this invention, and the phase shift of the data recorded on the 
magnetic disk resulting from the distance in the run direction of the reproducing head and a recording 
head is compensated with it. 

[0024] Moreover, record data are delayed based on the head positional information in the direction of 
the diameter of a disk of a recording head, and while compensating with this invention the phase shift of 
the data recorded on the magnetic disk resulting from the distance in the run direction of the reproducing 
head and a recording head, based on the pattem of record data, record data are delayed by it, and a 
position gap of the flux reversal resulting from the pattem of record data is compensated with it. 
[0025] Moreover, based on the regenerative signal equivalent to the timing compensation pattem of 
predetermined width of face, record data are delayed by this invention, and the phase shift of the data 
recorded on the magnetic disk resulting from the distance in the run direction of the reproducing head 
and a recoi'ding head is compensated with it. 
[0026] 

[Example] It explains referring to a drawing about one example of the magnetic disk unit conceming 
this invention hereafter, 

[0027] The magnetic disk unit which applied this invention records data on the magnetic disk 1 with 
which the clock pattem for clock generation was recorded beforehand. Moreover, as the data currently 
recorded are reproduced, i.e., it is the so-called magnetic disk xmit of an extemal synchronization 
method (sample servo system), for example, is shown in drawing 1 Reproducing-head 11 a for 
reproducing data from a magnetic disk 1, and the reproduction amplifier 12 which ampUfies the 
regenerative signal reproduced by this reproducing-head 11a, The clock generation circuit 13 which 
generates a clock based on the regenerative signal equivalent to the clock pattem of the above- 
mentioned magnetic disk 1 amplified with this reproduction amplifier 12, The data demodulator circuit 
14 which reproduces data etc. from the regenerative signal from the above-mentioned reproduction 
amplifier 12 using the clock from this clock generation circuit 13, While carrying out counting of the 
clock from the above-mentioned clock generation circuit 13 and controlling the clock generation circuit 
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13 The timing generating circuit 15 which outputs the change signal which switches a recording mode 
and a playback mode, The record data generating circuit 16 which changes the data (henceforth a source 
data) inputted into the data (henceforth record data) suitable for record, The pulse delay circuit 30 
delayed in the record data from this record data generating circuit 16, Recording head 1 lb for recording 
the record data delayed by this pulse delay circuit 30 on the above-mentioned magnetic disk 1, The 
record amplifier 18 which supplies the current based on the record data delayed by the above-mentioned 
pulse delay circuit 30 to the above-mentioned recording head 1 lb, It has the time delay control circuit 20 
which controls the amount of delay of the above-mentioned pulse delay circuit 30 based on the position 
(henceforth head positional information) in the direction of the diameter of a disk of the above- 
mentioned recording head lib from the above-mentioned data demodulator circuit 14. 
[0028] In order that reproducing-head 1 la may attain high-density record, it consists of the so-called 
magnetoresistance-effect form head (henceforth an MR head), recording head 1 lb consists of the usual 
magnetic head, in the run direction, only distance L leaves reproducing-head 11a and recording head 
1 lb, they are arranged, and such reproducing-head 11a and recording head 1 lb constitute the so-called 
head 1 1 of a rec/play student discrete type. 

[0029] On the other hand to the magnetic disk 1 in which a rotation drive is carried out by the so-called 
spindle motor (not shown) with a fixed angular velocity (the so-called CAV:Constant Angular Velocity) 
as the Prior art described (refer to drawing 10 ), it was prepared in the shape of a concentric circle ~ 
between the data segments 2 (it corresponding to a data segment 102) which are the fields which record 
the data of a recording track For example, by removing a magnetic layer in part using technique, such as 
etching, the clock pattern 3 (it corresponds to the clock pattern 103). which followed the radial for clock 
generation is formed beforehand. And on the other hand, direct-current magnetization is carried out at 
**, and these clock pattems 3 are formed 100-1000 divisors per round, in order to generate a highly 
precise clock. 

[0030] And reproducing-head 1 la reproduces the regenerative signal equivalent to the clock pattern 3, 
and supplies these regenerative signals to the clock generation circuit 13 and the data demodulator 
circuit 14 through the reproduction amplifier 12 while it reproduces the regenerative signal equivalent to 
the data currently recorded on the data segment 2. 

[0031] the clock generation circuit 13 - for example, the so-called PLL (Phase Locked Loop) etc. — 
from - it becomes and a clock is generated based on the regenerative signal equivalent to the clock 
pattem 3 

[0032] That is, if the clock pattem 3 which carried out direct-current magnetization is reproduced to ** 
(an arrow shows) on the other hand as shown, for example in drawing 2 a, as shown, for example in 
drawing 2 b, the regenerative signal which has a solitary-wave form with the edge before and behind the 
clock pattem 3 will be reproduced. The timing generating circuit 15 carries out counting of the clock 
supplied from the clock generation circuit 13, predicts the apparition of the regenerative signal which is 
equivalent to the clock pattem 3 based on the past history, and as shown, for example in drawing 2 d, it 
generates the change signal which switches a recording mode and a playback mode, while it supplies the 
clock gate signal which shows this period to the clock generation circuit 13. As it considers that the 
solitary-wave form which appears within the period out of which the clock gate signal has come is a 
regular clock pattem, for example, is shown in drawing 2 c, the clock generation circuit 13 updates the 
phase of PLL so that the standup of a clock may synchronize with the peak of a solitary-wave form 
corresponding to a front edge, and generates the clock which carried out phase simulation to the clock 
pattem 3. 

[0033] And the data demodulator circuit 14 is the standup time (henceforth an existing [ data ] point 
phase) of the clock generated in the clock generation circuit 13 at the time of a playback mode. It sets, 
and discriminates from a regenerative signal, and data are reproduced by getting over. Moreover, this 
data demodulator circuit 14 reproduces the head positional information in the direction of the diameter 
of a disk of a head 1 1 based on a regenerative signal, and supplies this head positional information to the 
time delay control circuit 20. 

[0034] On the other hand, in a recording mode, the record data generating circuit 16 changes a source 
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data into the record data which synchronized with the clock generated in the clock generation circuit 13 
by the predetermined modulation suitable for record, and supplies the record data which synchronized 
with this clock to the pulse delay circuit 30 and the time delay control circuit 20. 
[0035] While the pulse delay circuit 30 compensates the phase shift of the data recorded on the basis of 
control of the time delay control circuit 20 by the data segment 2 which originates in the distance L in 
the run direction of reproducing-head 11a and recording head 1 lb so that it may mention later Record 
data are delayed, and the record amplifier 18 amplifies this delayed record data, and supplies the current 
based on record data to recording head 1 lb so that a position gap (nonlinear bit shift) of the flux reversal 
resulting from the pattem of record data may be compensated. 

[0036] The time delay control circuit 20 specifically For example, the adder 21 which adds a constant 
C3 to head positional information from the above-mentioned data demodulator circuit 14 as shown in 
drawing 3 , The multiplier 22 which carries out the multiplication of the constant C2 to the output of this 
adder 21, and the delay machines 23 a and 23b which are delayed by one clock, respectively in the record 
data from the above-mentioned record data generating circuit 16 and by which cascade connection was 
carried out. Exclusive "or" circuit (henceforth EX-OR) 24a which calculates the exclusive OR of the 
record data from the above-mentioned record data generating circuit 16, and the record data delayed by 
the above-mentioned delay machine 23a, EX-OR24b which calculates the exclusive OR of the record 
data by which the delay machine was carried out to the record data delayed by the above-mentioned 
delay machine 23 a by the above-mentioned delay machine 23b, AND circuit 25 which calculates the 
AND of the output of the above-mentioned EX-OR24a, and the output of EX-OR24b (it is called 
Following AND), It has the change-over switch 26 which switches and chooses a constant CI and a 
constant 0 based on the output of this AND25, and the adder 27 adding the output of this change-over 
switch 26, and the output of the above-mentioned multiplier 22. 

[0037] And this time delay control circuit 20 calculates the time difference between an existing [ data ] 
point phase and the time which should actually reverse record current based on the pattem of the head 
positional information supplied from the data demodulator circuit 14, and record data, and outputs a 
time delay indication signal, 

[0038] That is, if a head 1 1 sets head positional information supplied from the data demodulator circuit 
14 to track nxmiber N which carries out the current position, an adder 21 will add track number N and a 
constant C3, and a multiplier 22 will carry out the multiplication of the constant C2 to this aggregate 
value. Consequently, from a multiplier 22, it is outputted as a time delay Tl which compensates the 
phase shift of the data with which the value which is proportional to distance (N+C3) from the disk 
center of a head 1 1 originates in the distance L in the run direction of reproducing-head 11a and 
recording head lib according to the operation shown in the following formula 1 . 
[0039] 

T1=(N+C2) xC3 ... Formula 1 [0040] In addition, constants C2 and C3 are values with which are 
satisfied of Tl=L/v, when speed in case a head 1 1 is located in the truck of a number N is set to v. 
[0041] On the other hand, the delay machines 23 a and 23b are delayed by one clock in record data, 
respectively, EX-OR 24a and 24b searches for the 2-bit exclusive OR adjoined of the triplets which 
record data follow, respectively, and AND25 searches for the AND of each output of EX-OR 24a and 
24b. Consequently, from AND25, when record data have the pattem (010 or 101) with which 2 bits of 
flux reversal continue continuously, the continuation flux reversal detecting signal used as H level is 
outputted. 

[0042] And a change-over switch 26 supplies the constant which chose the constant CI, and chose and 

chose the constant 0 at the time of L level to an adder 27 based on this continuation flux reversal 

detecting signal at the time of H level. Consequently, from a change-over switch 26, a constant CI is 

outputted as a time delay T2 which compensates a nonlinear bit shift to the pattem which produces flux 

reversal continuously, i.e., the pattem which a nonlinear bit shift generates. 

[0043] An adder 27 adds a time delay Tl and a time delay T2, and supplies them to the pulse delay 

circuit 30 by making this aggregate value (TH-T2) into a time delay indication signal. 

[0044] As die time delay is controllable from the exterior, for example, the pulse delay circuit 30 is 
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shown in drawing 2 h While only the time (T1+T2) directed by the time delay indication signal supplied 
from the time delay control circuit 20 is delayed in the record data (shown in drawing 2 g) supplied from 
the record data generating circuit 16 For example, as shown in drawing 2 f, the change signal supplied 
from the timing generating circuit 15 is delayed, and a write enable signal is generated. 
[0045] Specifically, the time delay indication signal from the adjustable delay circuit 31 which has a 
time delay for at least 1 clock, the sequential circuit 32 which has the time delay of 1 clock unit, and the 
above-mentioned time delay control circuit 20 is divided into the time delay of 1 clock unit, and the time 
delay of the fraction which remains, and the pulse delay circuit 30 is equipped with the above-mentioned 
adjustable delay circuit 31 and the time delay distribution circuit 33 supplied to a sequential circuit 32, 
as shown in drawing 4 . 

[0046] And the time delay distribution circuit 33 divides the time delay indication signal supplied from 
the time delay control circuit 20 into the time delay of 1 clock unit, and the time delay of the fraction 
which remains, supplies the time delay of 1 clock unit to a sequential circuit 32, and supplies a fractional 
time delay to the adjustable delay circuit 31. 

[0047] A sequential circuit 32 is a delay circuit which operates synchronizing with a clock, and is 
equipped with counting circuit 32a which carries out counting of the clock to the interior. When this 
counting circuit 32a carries out counting of the time delay part clock of 1 clock unit, only the time delay 
of 1 clock unit generates the middle output of the write enable signal with which timing shifted, and 
record data based on a change signal and record data. 

[0048] On the other hand, the adjustable delay circuit 31 performs delay within 1 clock time according 
to directions of a fractional time delay, adds still more precise delay to the middle output of record data, 
and outputs the record data after delay. 

[0049] And this pulse delay circuit 30 supplies a write enable signal and the record data after delay to 
the record amplifier 18. That is, a circuit scale is large by considering as such composition, and power 
consumption can be reduced, while making a circuit scale small, since the number of the adjustable 
delay circuits 31 as which a high time precision is required is one, and it ends and the maximum time 
delay should just have the length for one clock. 

[0050] The record amplifier 18 controls energization/interception of record current according to the 
write enable signal supplied from the pulse delay circuit 30, and reverses record current according to the 
record data delayed by the pulse delay circuit 30. 

[0051] The record data outputted in this way from the change signal outputted from the timing 
generating circuit 15 and the record data generating circuit 16 synchronize with the clock (shown in 
drawing 2 c) generated in the clock generation circuit 13, as shown in above-mentioned drawing 2 d and 
2g. That is, these signals correspond to the position on the data segment 2 seen from reproducing-head 
1 la, as shown in above-mentioned drawing 2 a. By the way, if relative velocity of a head 1 1 and a disk 
is set to V, time difference Tl=L/v exists between the data segment 2 seen from reproducing-head 11a, 
and the data segment 2 seen from recording head 1 lb as shown in drawing 2 e. As the pulse delay circuit 
30 is shown in above-mentioned drawing 2 f and 2h, while only this time difference Tl generates the 
write enable signal corresponding to the position on the data segment 2 which was delayed and looked at 
a change signal and record data from recording head 1 lb, and the record data after delay, respectively, to 
record data, only time (T2) to compensate an above-mentioned nonlinear bit shift is delayed fiuther. 
Consequently, while compensating the phase shift of the data recorded on the data segment 2 resulting 
from the distance L in the run direction of reproducing-head 11a and recording head 1 lb, a position gap 
(nonlinear bit shift) of the flux reversal resulting from the pattern of record data can be compensated, 
and data can be recorded on the right position on a data segment 2. If it puts in another way, by 
controlling an energization start and finish time of record current, and reversal time of record current by 
the pulse delay circuit 30, it cannot be based on the pattern of the position in the direction of the 
diameter of a disk of a head 1 1 , or data, but data can be recorded on the right position on a data segment 
2. Therefore, standup time of the clock generated in the playback mode in the clock generation circuit 14 
(existing [ data ] point phase) By setting and discriminating from a regenerative signal, the regenerative 
signal will be referred to in the data's currently recorded on data segment 2 existence position, and 
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errorless data reproduction can be performed. 

[0052] Here, other concrete circuitry of the time delay control circuit 20 shown in drawing 1 is 
explained. This time delay control circuit (henceforth the time delay control circuit 40) For example, the 
delay machines 41a and 41b which are delayed by one clock, respectively in the record data from the 
above-mentioned record data generating circuit 16 as shown in drawing 5 and by which cascade 
connection was carried out, Head positional information from the record data delayed by these delay 
machines 41a and 41b and the above-mentioned data demodulator circuit 14 is made into the read-out 
address, and a time delay (T1-1-T2) is equipped with the memory 42 memorized beforehand. 
[0053] And the record data delayed by the delay machines 41a and 41b are supplied to memory 42 as 
the 1 1-bit read-out address with the track number which consists of 8 bits. 

[0054] Memory 42 has memorized the time delay according to the combination of the pattem of a track 
number and data, and outputs a time delay indication signal according to the read-out address. By the 
way, in memory 42, about all the combination of the pattem of a track number and record data, by 
memorizing the fitness time delay, for example [ to the position in the direction of the diameter of a disk 
of a head 1 1 ], a nonlinear time delay can be outputted and a fine time delay can be controlled. 
[0055] Moreover, as a rough time delay is computed by the time delay control circuit 20 and the 
remaining top kana timing is performed by the time delay control circuit 40 combining this time delay 
control circuit 40 and the above-mentioned time delay control circuit 20, you may make it cut down liie 
capacity of memory 42. 

[0056] Below, data are recorded on the magnetic disk which appHed this invention, and this magnetic 
disk, and the magnetic disk unit which reproduces the data currently recorded is explained. 
[0057] As shown in drawing 6 , the clock pattem 53 which followed the radial for clock generation, and 
reproducing-head 11a and the timing compensation pattem 54 of width of face equal to the interval L of 
recording head 1 lb of predetermined width of face are beforehand formed in this magnetic disk 51 by 
removing a magnetic layer in part using technique, such as etching, for example, between the data 
segments 52 which are the fields which record the data of the recording track prepared in the shape of a 
concentric circle. And on the other hand, the direct-current magnetization of these clock patterns 53 and 
the timing compensation pattem 54 is carried out at ** (an arrow shows). 
[0058] On the other hand, the magnetic disk unit using this magnetic disk 51 is equipped with the 
timing-measurement circuit 60 which measures the time difference Tl mentioned above instead of the 
time delay control circuit 20 shown in drawing 1 . In addition, explanation is omitted about the circuit 
shown in drawing 1 , and the circuit which has the same function. 

[0059] As shown for example, in drawing 8 c, the timing generating circuit 15 generates the timing- 
measurement window signal which shows the period when counting of the clock is carried out in and 
reproducing-head 1 la is scanning the timing compensation pattem 54, and supplies this timing- 
measurement window signal to the timing-measurement circuit 60. 

[0060] As shown in drawing 8 b, in the period of H level, a timing-measurement window signal 
measures the time Tl between two peaks of a solitary-wave form reproduced with the edge before and 
behind the timing compensation pattem 54, and supplies the timing-measurement circuit 60 to the pulse 
delay circuit 30 by malcing time Tl into a time delay indication signal. That is, the width of face L of the 
timing compensation pattem 54 is not based on the radius of a disk, but since it is fixed, the time 
difference which passes reproducing-head 1 la is always equal [ the edge in front of it, and a next edge ] 
to the pass time difference Tl of reproducing-head 11a and recording head 1 lb. Therefore, the time 
difference-between the peaks of the regenerative signal equivalent to the timing compensation pattem 54 
is the time delay Tl which should be supplied to the pulse delay circuit 30. If it puts in another way, the 
direct time delay Tl can be found from the timing compensation pattem 54 beforehand formed on the 
magnetic disk 51, the arithmetic circuit of the adder 21 shown in drawing 3 and multiplier 22 grade and 
the memory 42 shown in drawing 5 become unnecessary, and the cost of a magnetic disk unit can be 
reduced. 
[0061] 

[Effect of the Invention] By delaying record data by the above explanation by this invention based on 
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the head positional information in the direction of the diameter of a disk of a recording head so that 
clearly, and compensating the phase shift of the data recorded on the magnetic disk resulting from the 
distance in the run direction of the reproducing head and a recording head, in the magnetic disk unit of 
the external synchronization method using the head of a rec/play separate-type, it cannot call at the 
position in the direction of the diameter of a disk of a recording head, but data can be recorded on the 
right position on an Consequently, errorless data reproduction can be performed. 
[0062] Moreover, based on the head positional information in the direction of the diameter of a disk of a 
recording head, record data are delayed by this invention. While compensating the phase shift of the data 
recorded on the magnetic disk resulting from the distance in the run direction of the reproducing head 
and a recording head By delaying record data based on the pattem of record data, and compensating a 
position gap of the flux reversal resulting from the pattem of record data In the magnetic disk unit of the 
external synchronization method using the head of a rec/play separate-type, it cannot be based on the 
pattem of the position in the direction of the diameter of a disk of a recording head, or data, but data can 
be recorded on the right position on a magnetic disk. Consequently, errorless data reproduction can be 
performed. 

[0063] Moreover, by delaying record data based on the regenerative signal equivalent to the timing 
compensation pattem of predetermined width of face, and compensating the phase shift of the data 
recorded on the magnetic disk resulting from the distance in the run direction of the reproducing head 
and a recording head, in the magnetic disk unit of the extemal synchronization method using the head of 
a rec/play separate-type, it cannot call at the position in the direction of the diameter of a disk of a 
recording head, but data can be recorded on the right position on a magnetic disk in this invention. 
Consequently, errorless data reproduction can be performed. 



[Translation done.] 
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